Abstract
Introduction
Software Defined Radios (SDR) perform signal processing tasks by running software algorithms on multi-purpose Digital Signal Processors (DSP). Flexibility offered by DSPs facilitate efficient integration of multiple standards, such as Bluetooth and WLAN, on a single radio system. For example, standard integration has been reported for Bluetooth with HiperLAN/2 [1, 2] and with IEEE 802.11b [3, 4] . As both HiperLAN/2 and 802.11b are considerably more complex than Bluetooth, a common hardware platform can provide extra computational power for the latter. This motivates to deviate from simplistic Bluetooth receivers to more sophisticated algorithms in order to achieve an improved system performance, whereby battery power consumption will benefit from an efficient realisation.
Therefore, this paper begins with a brief review of the Bluetooth modulation standard in Sec. 2, after which two possible realisations of a Bluetooth modulator are highlighted in Sec. 3 . A low-complexity high-performance algorithm for Bluetooth demodulation is presented in Sec. 4 , and evaluated in Sec. 5. Conclusions will be drawn in Sec. 6.
Gaussian Frequency Shift Keying
The modulation scheme specified for Bluetooth is Gaussian Frequency Shift Keying (GFSK). GFSK is a form of Continuous Phase Frequency Shift Keying (CPFSK), which in turn is a variation of Frequency Shift Keying (FSK). In binary FSK, equal amplitude sinusoidal waveforms at frequencies Discontinuities at symbol boundaries cause spurious transmissions, and poor bandwidth utilisation of FSK [5] . Spectral efficiency is improved in CPFSK, which constrains the phase of the transmitted signal to be continuous. This is achieved through FM modulation of a single carrier by a stream of binary data pulses. CPFSK is full response if the influence of a data pulse on the modulated signal does not exceed one bit period, otherwise it is partial response [6] . A GFSK modulator as portrayed in Figure 1 , deploys a Gaussian filter prior to FM modulation to reduce the speed of frequency transitions and avoid discontinuities in the transmitted signal. The coefficients of the Gaussian pre-modulation filter are given by [7] !
where is an integer, & is the ratio of the bit period to the sample period,
is the error function, and 
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, and then an exponential function is performed before each sample is multiplied by its predecessor to increment the phase of the transmitted signal.
In the above structure, convolution of pulses with the ! entails H G An equivalent but more efficient modulator is portrayed in Figure 6 . The lookup table contains 8 sequences of
P/S N−samples Look−up Table  S In this model, all operations are achieved through indexing, except for the phase accumulator, which requires operations per bit.
Demodulator
A variety of demodulation and detection algorithms exist for Bluetooth. Relatively simple ones include FM-AM conversion, phase-shift discrimination, zero-crossing detection, and frequency feedback [11] . However, our project aims to integrate Bluetooth with IEEE 802.11b WLAN in an SDR. 802.11b is considerably more complex than Bluetooth, and so a common hardware platform can provide extra computational power for execution of Bluetooth. This is the motivation to deviate from simplistic Bluetooth receivers to more sophisticated algorithms. In order to achieve improved system performance, but to limit battery consumption by efficient implementation.
Hence, we adopt a high-performance demodulator structure, shown in Figure 7 , which achieves the best possible performance in AWGN by utilising a bank of A ¤ FIR filters, matched to the expected waveforms over a 7 bit observation interval [12, 13, 14, 15] . The filter outputs are processed, and a decision is made on the central bit. System performance improves with increase in
, and the filters matched to waveforms¨¢
Biggest Picker The high-performance CPFSK receiver is attractive for use in Bluetooth because of its enhanced performance, and its ability to improve BER by increasing the observation interval,
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. It is also suitable for integration with 802.11b, which also utilises a filter bank for demodulation [3, 4] . However, it is not popular because of its enormous complexity. For example, an observation interval of 9 $ 9 $ 9 $ 9 $ 9 9 $ 9 $ 9 $ 9 $ 9 9 $ 9 $ 9 $ 9 $ 9 9 $ 9 $ 9 $ 9 $ 9 9 $ 9 $ 9 $ 9 $ 9 9 $ 9 $ 9 $ 9 $ 9 9 $ 9 $ 9 $ 9 $ 9 9 $ 9 $ 9 $ 9 $ 9 $ I P $ P P $ P P $ P P $ P P $ P P $ P P $ P P $ P The scheme in Figure 8 depicts the proposed low-complexity algorithm. In brief, the algorithm involves the use of a bank of 8 matched FIR filters with coefficients spanning a single bit period, to filter each bit worth of received signal, and propagating the intermediate results, . The filter result with the largest magnitude determines the received bit.
Filter Bank
The filter bank comprises of 8 matched FIR filters with coefficients spanning one bit. Only 8 filters are required because only 8 legitimate waveforms that can occur in one bit time-space 
. Figure 9 contains a flow graph for an algorithm that can be used to compute the positions of the non-zero elements of 
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)0 2 demonstrated that the best of the comparatively simple algorithms mentioned above achieve acceptable performance above a channel SNR of 14.8 dB, while some practitioners assume a channel SNR of 21 dB [16] to attain the minimum Bluetooth performance requirement. By using a high-performance demodulator described in [12, 13, 14, 15] , where decisions are based on an observation interval spanning
"
bit periods, a BER of $ p ! ! is reached at a channel SNR of 11 dB (as demonstrated in Figure 12 ). The 3.8 dB gain achieved with this technique is substantial, and yet the high-performance demodulator is not popular because of enormous computational requirements for large
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A common hardware platform for IEEE 802.11b WLAN and Bluetooth will have extra capacity to improve Bluetooth performance. Since it might not necessarily have the computational capacity to handle a high-performance demodulator with sufficiently large observation intervals, the efficient high-performance algorithm described in this paper helps to considerably reduce the computational requirements. As demonstrated in an example for
"
, the proposed method can achieve a 90% reduction in complexity . If compared on the basis of identical complexity, our approach can outperform standard implementations in terms of BER.
